The biochemical classification of thyroid functional status is uften accomplished by the use of the thyroxine to thyroxine-binding globulin (T4:TBG) ratio. It has recently been shown, however, that the reference range of the T4:TBG ratio varies with the concentration of TBG. This makes the T4:TBG ratio an unwieldy diagnostic index. A more accurate and economical way to define thyroid function using T4 and TBG measurements is by linear discriminant formulae. This is so because T4 varies linearly with TBG at the T4 reference limits over a wide range of TBG concentrations. Using the T4 reference ranges established by Attwood and Atkin (Ann Clin Biochem 1982; 19: 101-3), the following formulae are obtained:
SUMMARY. The biochemical classification of thyroid functional status is uften accomplished by the use of the thyroxine to thyroxine-binding globulin (T4:TBG) ratio. It has recently been shown, however, that the reference range of the T4:TBG ratio varies with the concentration of TBG. This makes the T4:TBG ratio an unwieldy diagnostic index. A more accurate and economical way to define thyroid function using T4 and TBG measurements is by linear discriminant formulae. This is so because T4 varies linearly with TBG at the T4 reference limits over a wide range of TBG concentrations. Using the T4 reference ranges established by Attwood and Atkin (Ann Clin Biochem 1982; 19: 101-3), the following formulae are obtained: T4 (nmol/I)--4'05 TBG (mg/I»94'5 indicates hyperthyroidism; T4 (nmol/I)-2'72 TBG (mg/l)<23'8 identifies hypothyroidism.
Direct measurement of the concentration of the physiologically active unbound fraction of plasma thyroxine has recently become available as a routine laboratory study. Many medical laboratories continue to make available and many clinicians order one or more indirect measures of thyroid function, however. The most popular of these is the free thyroxine index (FTI) . The availability of quantitative thyroxine-binding globulin (TBG) determinations has permitted development of another index, the thyroxine (T4) to TBG ratio (T4:TBG), This ratio has been reported to be superior to the FTJ.!-4
It has become clear, however, that abnormal plasma concentrations of TBG will result in T4 :TBG ratios which are diagnostically misleading. Euthyroid patients with elevated TBG concentrations may have T4 :TBG ratios in the hypothyroid range. 1 6 -7 Those with low TBG concentrations may have T4:TBG ratios in the hyperthyroid range. 6 -8 Similarly, hyperthyroid patients may be classified as euthyroid if their TBG concentrations are increased, and hypothyroid patients with low TBG levels may appear normal. 7 Because of the shortcomings of the T4 :TBG ratio, better approaches are being sought for the classification of thyroid function using concurrently measured T4 and TBG values. Cusick" and Attwood and Atkin? have demonstrated that the diagnostic efficiency of the pair of measurements when ex-40 pressed as a ratio is much improved by establishing euthyroid reference ranges for the ratio based on small increments in TBG concentration. Attwood and Atkin? also suggest interpreting T4 values directly by comparing them with the T4 reference range corresponding to the patient's TBG level. They provide the reference ranges for this purpose in their paper.
This communication proposes the use of discriminant formulae for the diagnostic classification of thyroid function.
Methods
Discriminant formulae were derived from regression equations fitted to the upper and lower reference range values of T4 reported by Attwood and Atkin 7 for a wide range of TBG concentrations.
The line fit to the upper reference range values, this problem when only two variables are concerned. Such ratios are most useful when the values of the variables change in opposite directions in response to disease. The ratio of the two magnifies the changes and thereby improves the diagnostic performance of the studies. An example of this is found in the detection of iron-deficiency anaemia. Transferrin saturation, the ratio of serum iron concentration to serum total iron-binding capacity, is a more reliable marker of iron deficiency than either measure taken separately." This is so because as the serum iron level declines with iron deficiency, the total ironbinding capacity increases, and the ratio of the two diminishes markedly. The T4:TBG ratio does not enjoy this favourable feature, but it has been found empirically to be superior to either T4 or TBG levels as an index of thyroid function l -4 and thereby has gained attention. Another empirical method for expressing multivariate results is discriminant analysis.P Discriminant formulae reduce multivariate data to a single number. Diagnostic. classification of the patient is accomplished by comparing that number to a decision value. The present study, for instance, reveals that a value of 94· 5 for the discriminant formula T4 -4·05 TBG separates hyperthyroidism from 'nonhyperthyroidisrn'. Because there are three diagnostic classes for thyroid function, two discriminant formulae with accompanying decision values are needed to characterise fully a patient's thyroid status. The formulae that have been presented here are economical in that the equations very accurately represent the reference limits of T4 over a wide range of TBG concentrations. Consequently, study results can be interpreted without referring to tables of reference T4 or T4 :TBG values. For this reason the discriminant formulae seem the most satisfactory way to classify thyroid function using concurrent T4 and TBG measurements.
A note of caution must be added, however. The discriminant formulae found in this study are based upon the T4 reference values as reported by Attwood and Atkin." These formulae can be used only in laboratories where the T4 reference range, as a function of TBG concentration, is identical with that studied here. This represents an example of the limited transportability of discriminant forrnulae.P Nevertheless, clinical laboratories can easily generate formulae which are appropriate to their own T4 reference ranges.
In this study linear equations were used to generate the discriminant formulae because, when graphed, the data looked to be in straight lines (see Figure) . It can be shown, in addition, that a linear fit of the data is consistent with a simplified model of thyroxine homeostasis.
The interaction equation of Wosilait and Nagy12 yields the following equations: 
Discussion
It is challenging to find simple and economical ways to express the results of multivariate laboratory studies. Diagnostic ratios are a popular approach to
Results
The data points and regression lines for the upper and lower limits of the reference concentrations of T4 versus concentration are graphed in the Figure. The lines fit the data points extremely well, the regression coefficients being in excess of 0·99. The constant terms and slopes are highly significant (p < 0·001).
The discriminant formula for the separation of hyperthyroidism from euthyroidism is T4 (nrnol/l) -4·05 TBG (mg/l) > 94·5.
Hypothyroidism is distinguished from euthyroidism by T4 (nmol/l) -2·72 TBG (mg/!) < 23·8. (3) Lastly, assume that the variations in the concentrations of prealbumin and albumin in the studied population are much less than that of TBG. As a result, for a given concentration of free T4, the amount ofT4 bound to prealbumin and albumin will behave as a constant term, a (where a is a function of the concentration of free T4). Then, total T4 = a(free T4) + b(free T4) . TBG (4) wh ich has the linear form used in this study.
The appropriateness of this linear model of thyroxine hemostasis can be tested further by comparing the intercept and the slope found for the data to values calculated from known hormone and protein-binding site concentrations and association constants. Using the parameter values for T4 partitioning published by Roosdorp and Joustra-" and a free T4 concentration of 20 pmol/l (an 'average' level), the intercept equals 25 nmol/l and the slope equals 5·25 nmol T4/mg TBG. This intercept is less than, and the slope greater than, would be expected for an 'average' free T4 level from the data of Attwood and Atkin"; the numbers are closer to those reported by Cusick, and Burr, " 30 and 5·4. 
